Abstract-
using switched lengths of fibre [1] , and dispersive fibre [4] or fibre Bragg grating (FBG) arrays with a tuneable optical carrier source [5] . The latter solution has advantages in Email: yug@aston.ac.uk terms of being directly fibre compatible, more compact and simpler than the alternatives and is the one we are studying here. The conventional discrete fibre Bragg grating TTD line scheme is shown in Fig. 1 . This optical signal is reflected from an array of Bragg gratings of differing resonant optical wavelengths. Tuning of the optical carrier selects a particular Bragg grating and hence the fibre length traversed and the group delay of the signal. The fibre Bragg grating is however not an ideal device in that it has a limited bandwidth and may introduce differing amplitudes and phase shifts between the sidebands of the signal and the optical carrier. Although this limitation induced by chirped fibre grating has been reported [6] , the impact of uniform Bragg grating has not been studied in detail. In this paper, we investigate theoretically and experimentally the effects that these departures from the ideal have on the microwave signal.
II. THEORY
An ideal amplitude modulated optical signal will have two sidebands of equal amplitude and opposite phase relative to 
III. EXPERIMENT
The microwave response calculated using the expression (1) above was verified by comparing with the measured microwave amplitude spectral response for several different optical carrier wavelengths. The calibrated RF measurements were performed using a Photonetics Tunics-1550 external cavity tuneable laser as the optical source with the HP8703A Lightwave component analyser (LCA) which combines the RF modulation and detection functions.
The grating reflectivity spectra and group delay measurements, given in Fig. 2 were used in expression (1) to calculate the response for comparison. Both sets of results are plotted for different carrier wavelengths in Fig. 3 .
As can be seen we have good agreement between the RF frequency responses calculated from the grating spectra and those directly measured. however, a distorted response is shown in Fig. 6(b) where the carrier wavelength was tuned to 1541.165 nm. In Fig.   6 (c) where the apodised grating was used and the carrier wavelength was set as that in Fig. 5(b) , one can notice that, the amplitude and the visibility of the filter's response are slightly reduced as the microwave frequency increases and a nearly flat spectral response was obtained.
An important concern for the practical use of Bragg gratings in TTD elements is their sensitivity to temperature. The
Bragg grating spectra shift in wavelength with temperature with a sensitivity of approximately 10 -2 nm/K. For the apodised grating, reflecting a 20GHz microwave signal the bandwidth tolerated before there is a 3dB drop is signal is 0.29nm. Thus, the Bragg grating has a useable temperature range of 29K for a 3dB change in signal power at 20GHz.
IV. CONCLUSIONS
We have described the evaluation of RF power degradation in microwave systems using UFBG as TTD elements. 
